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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a combustion 
state detecting device capable of obtaining the 
combustion state parameter property reScating; the 
combustion state of an engine from fewer detection 
values of the pressure inside the combustion chamber. 

SOLUTION: A first pressure P1 inside the combustion 
chamber, for example, at 60 degrees before the top dead 
center in the compression process of the engne, and a 
second pressure P2 inside the combustion chamber, for 
example, at GO degrees after the top dead center in the 
expansion process are detected, and the pressure ratio 
P3/P2 is calculated. The combustion state parameter PRX 
is defined as P3/P2-1, and the combustion state of the 
engine is detected based on the parameter. 
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(54) COMBUSTION STATE DETECTING DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a combustion state 
detecting device capable of obtaining the combustion state 
parameter properly indicating the combustion state of an engine 
from fewer detection values of the pressure inside the 
combustion chamber. 

SOLUTION: A first pressure P1 inside the combustion chamber, 
for example, at 60 degrees before the top dead center in the 
compression process of the engine, and a second pressure P2 
inside the combustion chamber, for example, at 60 degrees 
after the top dead center in the expansion process are 
detected, and the pressure ratio P3/P2 is calculated. The 
combustion state parameter PRX is defined as P3/P2-1 , and 
the combustion state of the engine is detected based on the 
parameter. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the combustion condition detection equipment of the internal combustion engine which has a 
pressure detection means to detect the pressure of an internal combustion engine's combustion chamber, and 
an include-angle detection means to detect said engine's crankshaft angle of rotation Combustion condition 
detection equipment of the internal combustion engine characterized by having a pressure ratio calculation 
means to compute the pressure ratio of the 1st combustion chamber internal pressure in said engine's 
compression stroke, and the 2nd [ line / expansion / inner ] combustion chamber internal pressure, and a 
combustion condition detection means by which this pressure ratio detects said engine's combustion 
condition. 

[Claim 2] Said combustion condition detection means is combustion condition detection equipment of the 
internal combustion engine according to claim 1 characterized by having a heating- value calculation means 
to compute the heating value generated by combustion using said pressure ratio. 

[Claim 3] Said combustion condition detection means is combustion condition detection equipment of the 
internal combustion engine according to claim 1 characterized by having a flame-failure detection means to 
detect said engine's flame failure by comparing said pressure ratio with a predetermined pressure ratio. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to what detects a combustion condition using the 
cylinder internal pressure sensor which detects the pressure of an internal combustion engine's combustion 
chamber about an internal combustion engine's combustion condition detection equipment. 
[0002] 

[Description of the Prior Art] The pressure of an internal combustion engine's combustion chamber is 
detected using a pressure sensor, and the technique of obtaining the combustion state parameter which 
shows an internal combustion engine's combustion condition from the detection pressure force value is 
shown in JP,6-249049,A. 

[0003] The combustion chamber internal pressure [ according to the technique shown in this official report / 
in / whenever / crank angle / of 120 degrees / before the top dead center in an internal combustion engine's 
compression stroke / a location ] P (120B) Similarly, in front of the top dead center in a compression stroke, 
the combustion chamber internal pressure P (60B) and the expansion line in a location detect the combustion 
chamber internal pressure P in a location (60A) whenever [ crank angle / of 60 degrees ] behind an inner top 
dead center, and the combustion state parameter Cio is computed by the following formula whenever [ crank 
angle / of 60 degrees ]. 

Cio=(P(60A)-P (60B))/(P(60B)-P (120B)) [0004] 

[Problem(s) to be Solved by the Invention] Although a combustion condition is more detectable in a detail 
by performing to inside the sampling of the combustion chamber internal pressure detected using a cylinder 
internal pressure sensor whenever [ crank angle / as many / as possible ] like an engine's compression stroke 
and expansion line in a location, when there is too much amount of data, there is a problem that the memory 
space to need increases or the amount of operations after pressure detection increases. 
[0005] Although a combustion state parameter is obtained from three detection pressure force values by the 
technique shown in above-mentioned JP,6-249049,A, it is desirable that the combustion state parameter 
which shows an engine's combustion condition exactly can be obtained with fewer detection pressure force 
values. This invention is made paying attention to this point, and it aims at offering the combustion 
condition detection equipment which can obtain the combustion state parameter which shows an engine's 
combustion condition exactly from fewer combustion chamber internal pressure detection values. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose invention according to 
claim 1 In the combustion condition detection equipment of the internal combustion engine which has a 
pressure detection means to detect the pressure of an internal combustion engine's combustion chamber, and 
an include-angle detection means to detect said engine's crankshaft angle of rotation It is characterized by 
having a pressure ratio calculation means to compute the pressure ratio of the 1 st combustion chamber 
internal pressure in said engine's compression stroke, and the 2nd [ line / expansion / inner ] combustion 
chamber internal pressure, and a combustion condition detection means by which this pressure ratio detects 
said engine's combustion condition. 

[0007] According to this configuration, since a pressure ratio with the 2nd inner combustion chamber 
internal pressure is computed and an engine's combustion condition is detected by this pressure ratio, the 1 st 
combustion chamber internal pressure in an engine's compression stroke and an expansion line can obtain 
the combustion state parameter which shows a combustion condition based on few detection pressure force 
values compared with the former. The parameter (pressure ratio -1) obtained by subtracting "1" from the 
ratio (2nd combustion chamber internal pressure / 1 st combustion chamber internal pressure) of the 2nd [ to 
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the 1 st combustion chamber internal pressure ] combustion chamber internal pressure is a parameter mostly 
proportional to the calorific value per unit weight by combustion, and can be used as a parameter which 
shows a combustion condition exactly. 

[0008] Invention according to claim 2 is characterized by equipping said combustion condition detection 
means with a heating- value calculation means to compute the heating value generated by said combustion 
using said pressure ratio in the combustion condition detection equipment of an internal combustion engine 
according to claim 1 . Since the heating value generated by combustion using said pressure ratio is computed 
according to this configuration, an engine's combustion condition can be grasped finely. 
[0009] Invention according to claim 3 is characterized by ** and said combustion condition detection means 
equipping the combustion condition detection equipment of an internal combustion engine according to 
claim 1 with a flame-failure detection means to detect said engine's flame failure by comparing said pressure 
ratio with a predetermined pressure ratio. According to this configuration, an engine's flame failure is 
detected by comparing said pressure ratio with a predetermined pressure ratio. Since this detection is a thing 
based on the generating heating value by combustion, it cannot be easily influenced of change of operational 
status, or change of an environmental condition, and can perform exact flame- failure detection. 
[0010] As for said combustion condition detection means, it is desirable to use the parameter obtained from 
that of subtracting " 1 " from the ratio (2nd combustion chamber internal pressure / 1 st combustion chamber 
internal pressure) of the 2nd [ to the 1 st combustion chamber internal pressure ] combustion chamber 
internal pressure as a parameter which shows a combustion condition. 
[0011] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to a 
drawing below. Drawing 1 is drawing showing the configuration of the internal combustion engine (only 
henceforth an "engine") concerning 1 operation gestalt of this invention, and its control unit. For example, 
the throttle valve 3 is allotted in the middle of the inlet pipe 2 of the engine 1 of a 4-cylinder. The sensor 4 is 
connected with the throttle valve 3 whenever [ throttle valve-opening ] (THA), the electrical signal 
according to the opening of the throttle valve 3 concerned is outputted, and the electronic control unit 5 for 
engine control (henceforth "ECU") is supplied. 

[0012] A few is prepared in the upstream for every gas column, while each injection valve is connected to 
the fuel pump of the inlet valve to which between an engine 1 and throttle valves 3 and an inlet pipe 2 do not 
illustrate a fuel injection valve 6 which is not illustrated, it connects with ECUS electrically and the valve- 
opening time amount of a fuel injection valve 6 is controlled by the signal from ECU5 concerned. 
[0013] On the other hand, immediately, the absolute-pressure (PBA) sensor 7 of inhalation of air of a 
throttle valve 3 which detects the pressure within inhalation of air down-stream is formed, and the absolute- 
pressure signal changed into the electrical signal by this absolute-pressure sensor 7 is supplied to said 
ECUS. Moreover, the intake-air temperature (TA) sensor 8 is attached in the lower stream of a river, the 
electrical signal which detects an intake-air temperature TA and corresponds is outputted, and ECU5 is 
supplied. 

[0014] The engine water temperature (TW) sensor 9 with which the body of an engine 1 was equipped 
consists of a thermistor etc., outputs the temperature signal which detects the engine water temperature 
(cooling water temperature) TW, and corresponds, and supplies it to ECUS. The location sensor 10 is 
connected to ECUS whenever [ as an include-angle detection means to detect angle of rotation of the 
crankshaft (not shown) of an engine 1 / crank angle ], and the signal according to angle of rotation of a 
crankshaft is supplied to ECUS. The gas column distinction sensor by which the location sensor 10 outputs 
[ whenever / crank angle ] a signal pulse (henceforth a "CYL signal pulse") whenever [ predetermined crank 
angle / of the specific gas column of an engine 1 ] in a location, The top dead center at the time of charging- 
stroke initiation of each gas column Whenever [ front crank angle ] from (TDC) in a location [ whenever / 
predetermined crank angle ] ((every) a 4-cylinder engine — 180 crank angles) from the CRK sensor which 
generates one pulse (henceforth a "CRK signal pulse") a fixed crank angle period (for example, periods of 
30 degrees) shorter than the TDC sensor and TDC signal pulse which output a TDC signal pulse — changing 
— a CYL signal pulse — A TDC signal pulse and a CRK signal pulse are supplied to ECUS. These signal 
pulses are used for detection of various timing control, such as sample timing of the combustion chamber 
internal pressure (henceforth "cylinder internal pressure") of an engine 1, fuel injection timing, and ignition 
timing, and an engine speed (engine speed) NE. 

[0015] The three way component catalyst 16 which purifies NOx, HC, and CO under exhaust air is formed 
in an exhaust pipe 12, and the upper location of a three way component catalyst 16 is equipped with the 
oxygen density sensor 14 as an air-fuel ratio sensor. This 02 sensor 14 outputs the electrical signal 
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according to the oxygen density under exhaust air (air- fuel ratio), and supplies it to ECU5. 
[0016] Between the downstream of the throttle valve 3 of an inlet pipe 2, and the upstream of the three way 
component catalyst 16 of an exhaust pipe 12, the exhaust air reflux path 21 is formed, and while being the 
exhaust air reflux path 21, the exhaust air reflux valve (henceforth a "EGR valve") 22 which controls the 
amount of exhaust air reflux is formed. The EGR valve 22 is a solenoid valve which has a solenoid, and 
whenever [ valve-opening ] is controlled by ECUS. The lift sensor 23 which detects LACT whenever 
[ valve-opening ] (the amount of valve lifts) is formed in the EGR valve 22, and the detecting signal is 
supplied to ECUS. An exhaust air reflux device consists of an exhaust air reflux path 21 and an EGR valve 
22. 

[0017] ECUS operates the input signal wave from various sensors orthopedically, corrects a voltage level to 
predetermined level, and consists of output circuits which supply a driving signal to the memory which 
memorizes various operation programs, the result of an operation, etc. which are performed by the input 
circuit which has the function of changing an analog signal value into a digital signal value, the central 
processing unit (henceforth "CPU"), and CPU, a fuel injection valve 6, etc. 

[0018] ECUS distinguishes an engine operation condition based on various engine parameter signals, and it 
supplies a control signal to the solenoid of the EGR valve 22 so that deflection with LACT may be made 
[ whenever / valve-opening / of the EGR valve 22 set up according to an engine speed NE and the absolute 
pressure PBA of inhalation of air ] into zero whenever [ real valve-opening / which is detected by the 
command value LCMD and the lift sensor 23 ]. Moreover, ECUS computes the fuel injection duration 
TOUT as valve-opening time amount of a fuel injection valve 6 according to an engine operation condition, 
and it performs fuel amount-of-supply control so that it may become the optimal air-fuel ratio according to 
an engine operation condition. 

[0019] As shown in drawing 2 , the cylinder internal pressure sensors 31-34 as a pressure detection means to 
detect the pressure of a combustion chamber, respectively are formed in each gas column (#1 - # 4-cylinder) 
of an engine 1 , and the output signal of these sensors is supplied to the A/D-conversion section 36 through a 
multiplexer 35 through the charge amp which is not illustrated, respectively. A multiplexer 35 switches the 
output signal of the cylinder internal pressure sensors 31-34 for every 180 crank angles, and supplies the 
signal which shows the cylinder internal pressure which can be set like the compression stroke and 
expansion line of each gas column to the A/D-conversion section 36. The A/D-conversion section 36 
samples an input signal to predetermined timing, changes the sampled value into a digital signal, and 
supplies it to ECU5. 

[0020] Drawing 3 is drawing showing transition of the cylinder internal pressure PCYL, a continuous line 
LI usually shows the property at the time of combustion, and a broken line L2 shows the property at the 
time of a flame failure. In front of a top dead center, whenever [ crank angle / of 60 degrees ], behind a 
location and a top dead center, the cylinder internal pressure PCYL is sampled and each detection pressure 
is set [ whenever / crank angle / of 60 degrees ] to P2 and P3 with this operation gestalt in a location. And 
the parameter which subtracts " 1 " and is obtained from pressure ratio PR=P3/P2 to the detection pressure P2 
of detection pressure P3 is adopted as a combustion state parameter PRX (=—1) which shows the 
combustion condition of an engine 1 . 

[0021] The reason is explained below. The calorific value Q by combustion of an engine 1 is given by the 
following formula (1). 
Q=??hXBXHu 

= 7?hXHuXG/ (1+A-Gath) (1) 



It is here and, for supply fuel quantity and Hu, the low calorific power of a fuel and G are [ etah / 
combustion efficiency and B / an excess air factor and Gath of gas weight of operation and lambda ] 
theoretical air weight. 

[0022] moreover — specific heat at constant volume — Cv — an ideal — a cycle ~ it can set ~ a top dead 

center — combustion — order — a pressure — temperature — respectively — P — two — 1 — P — three — 1 — T — 

two — 1 — T3 — 1 — ** — carrying out — if — calorific value — Q — the following — a formula — (— two ~ ) — 

giving — having . 

Q=GxCvx (T3' - T2') (2) 

A formula (2) can deform as follows. 

Q=GxCvxT2'x (T3VT2' - 1) 

= GxCvxT2'x (P37P2'- 1) 

= P2 ? xV2 , x(P37P2 f - l)/(kappa-l) (3) 
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Volume of combustion chamber [ in / in V2 ? / a top dead center ] and kappa are the ratio of specific beat of 
gaseous mixture here, the ratio of specific beat kappa is defined by specific-heat-at-constant-pressure Cp / 
specific heat at constant volume Cv, and becoming about 1 law by kappa= 1 .3 is experimentally checked 
with the actual engine. 

[0023] From a formula (1) and (3), the calorific value q per unit weight is given by the following formula 
(4). 

Q=etahxHu/(l+ lambdaxGath) 

= P2'/GxV2'x(P3VP2' - l)/(kappa-l) 

= RxT2 , x(P3 , /P2 f - l)/(kappa-l) 

= RxTlxepsilon(kappa-l) x(P37P2' - l)/(kappa-l) 

Here, P37P2 f is that which requires abbreviation etc. by making it P3/P2. q**RxTlxepsilon(kappa-l) x 
(P3/P2-l)/(kappa-l)(4) 

Here, as for a gas constant and epsilon, a compression ratio and Tl are whenever [ cylinder internal 
temperature / at the time of compression stroke initiation ], and (P3/P2-1) R is the combustion state 
parameter PRX. Thus, as for the combustion state parameter PRX, it turns out that it is an index (it is 
proportional to calorific value q if temperature Tl is fixed) according to the calorific value q per unit weight, 
and is the parameter which shows a combustion condition exactly. 

[0024] As mentioned above, with this operation gestalt, in front of the top dead center in a compression 
stroke, since the combustion condition of an engine 1 was detected, a combustion condition can be exactly 
grasped as the cylinder internal pressure P2 of 60 degrees with few detection pressure force values by the 
combustion state parameter RPX (=— 1) obtained using the pressure ratio PR with the cylinder internal 
pressure P3 of 60 degrees (= P3/P2) behind the top dead center which can be set like an expansion line. 
[0025] Moreover, Tl can be calculated whenever [ compression stroke initiation cylinder internal 
temperature ] by amending an intake-air temperature TA according to engine-speed NE, the amount of 
exhaust air reflux (the amount of EGR(s)), and the engine water temperature TW. The KNE table shown in 
drawing 4 (a) according to the 1 engine speed NE is more specifically searched. Compute a correction factor 
KNE and the KEGR table shown in this drawing (b) according to the amount of 2EGR(s) (the amount of 
lifts of the EGR valve 22) is searched. A correction factor KEGR is computed, a correction factor KTW is 
computed by searching the KTW table shown in this drawing (c) according to 3 engine water temperature 
TW, these correction factors are applied to the following formula (5), and Tl is computed whenever 
[ compression stroke initiation cylinder internal temperature ]. 
T 1 =TAxKNExKEGRxKTW (5) 

Thus, the calorific value q by combustion of an engine 1 can be computed by the ability to apply the 
temperature Tl and the cylinder internal pressure detection values P2 and P3 which were computed to said 
formula (4). 

[0026] Drawing 5 shows the average of the actual measurement of the combustion state parameter PRX 
when changing an engine speed NE. The alternate long and short dash line L3 of this drawing shows the 
property at the time of normal combustion, and a broken line L4 shows the property at the time of a flame 
failure. If a threshold PRXTH is set up near 1 so that clearly from this drawing, when it is PRX<PRXTH in 
all the range of an engine speed, it can judge with flame- failure generating. That is, by using the combustion 
state parameter PRX, the large range of an engine speed NE can be covered, and an exact flame-failure 
judging can be performed. 

[0027] ECU5 constitutes a pressure ratio calculation means, a combustion condition detection means, a 
heating- value calculation means, and a flame- failure detection means from this operation gestalt. Moreover, 
the cylinder internal pressure P2 in a compression stroke is equivalent to the 1 st combustion chamber 
internal pressure, and the cylinder internal pressure P3 which can be set like an expansion line is equivalent 
to the 2nd combustion chamber internal pressure. 

[0028] In addition, this invention is not restricted to the operation gestalt mentioned above, and various 
deformation is possible for it. For example, although the combustion state parameter PRX which subtracts 
"1" and is obtained from pressure ratio PR=P3/P2 was used with the operation gestalt mentioned above, 
pressure ratio PR itself may be used as a combustion state parameter. What is necessary is just to set the 
predetermined pressure ratio for a flame- failure judging in that case to "2." 

[0029] Moreover, although it is desirable in front of [ in 2 timing from which a top dead center takes the 
lead, i.e., a compression stroke, / SA ] a top dead center whenever, and to perform an expansion line to the 
timing of behind [ inner / SA ] a top dead center whenever (0<SA<90 degree) as for the sampling of 
cylinder internal pressure, it is also possible to use the detection pressure sampled to other timing. That is, if 
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the pressure value sampled, for example to the timing of in front of [ SB ] a top dead center whenever is 
made into P2B, pressure value P2B is convertible into the pressure value P2 of in front of [ SA ] a top dead 
center whenever with the following formula (6). 
P2=P2Bx(V2B / V2) n (6) 

[0030] However, for the volume of combustion chamber of in front of [ SA ] a top dead center whenever, 
and V2B, the volume of combustion chamber of in front of [ SB ] a top dead center whenever and n are 
[ V2 ] a polytropic index (it is 1 .3 to about 1 .4). in addition, that conversion by the formula (6) are possible 
requires that PxVn should have sample timing (whenever [ SB ]) in within the limits used as about 1 law 
within the limits of polytropic change. 

[0031] Moreover, although Tl was calculated by the formula (5), the correction factor according to an 
engine load (absolute pressure PBA of inhalation of air) is computed further, and you may make it ask 
whenever [ compression stroke initiation cylinder internal temperature ] with the operation gestalt 
mentioned above from that of carrying out the multiplication of this to an intake-air temperature TA with the 
above-mentioned correction factor KNE, KEGR, and KTW. 
[0032] 

[Effect of the Invention] As explained in full detail above, according to invention according to claim 1 , the 
ratio of the 1 st combustion chamber internal pressure in an engine's compression stroke and the 2nd [ line / 
expansion / inner ] combustion chamber internal pressure is computed, and an engine's combustion 
condition is detected by this pressure ratio. Since said pressure ratio is an index which shows the heating 
value generated by combustion, the combustion state parameter which shows a combustion condition based 
on few detection pressure force values compared with the former can be obtained. 

[0033] Since the heating value generated by combustion using said pressure ratio is computed according to 
invention according to claim 2, an engine's combustion condition can be grasped finely. According to 
invention according to claim 3, an engine's flame failure is detected by comparing said pressure ratio with a 
predetermined pressure ratio. Since this detection is a thing based on the generating heating value by 
combustion, it cannot be easily influenced of change of operational status, or change of an environmental 
condition, and can perform exact flame- failure detection. 



[Translation done.] 
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* NOTICES * 

iTPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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